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BIOCHEMICAL  SHIFTS  IN  SHOCK 

EFFECT  OF  BURN  TRAUMA  AND  TOTAL-BODY  IRRADIAilON 

By  D.  A.  Golubentsev  and  N«  A.  Shevyreva  (Moscow) 

F Following  Is  the  translation  of  an  article 
by  D.  A.  Golubentsev  and  N„  A.  Shevyreva  in 
Patolog.  Flsiol.  1  Eksper.  Ter apiy a  (Path¬ 
ological  Physiology  and  Experimental 
Therapy) »  Vol.  IV,  No  1,  I960,  pages. 14- 19. J 

The  state  of  metabolism  in  combined 
luries  has  not  been  studied  very  much.  Only  scattered^ 
works  have  been  devoted  to  the  investigation  of  the  variou 
aspects  of  this  important  problem  (10,  12,  if). 

The  principal  task  of  the  present  work  consisted  of 
an  experimental  study  of  the  carbohydrate  metaDoliem  in 
Sock  cSsed  by  the  combined  effect  of  burn  trauma  and 
total -body  irradiation.  Indices  of  the  state  of  carbohy¬ 
drate  metabolism  were  the  concentration  of  sugar,  lac  c 
acid  and  Inorganic  phosphate  In  the  blood  of  dogs  ana  th 

of  rivcoaen  in  rat  tissues  various  intervals  after 
th T inflictloi/ of ^ combined  radiation  Injuries.  In 
series  of  experiments  changes  were  investigated  in  the  same 

biochemical  indices  of  blood  and  tissues f+L al-bodv 
fliction  of  burn  trauma  alone  or  following  total  y 

irradiation  alone. 

The  objects  of  the  Investigation  were  mongrel  dogs 
weighing  from  11  to  18  kilograms  and  male  white  rats  weigh¬ 
ing  from  160  to  250  grams. 

Second-  to  third-degree  burns  were  inflicted  on 
dops  using  overheated  steam  on  a  shaved  area  °f.  sl£^  on 

sstssi  g#  ^.WtSis 
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I  t 

r~  +.  iA_it;  111111111163 1  The  method  of  Inflicting  ' 

^exposure  time  of  10-15  minuses.  t  ln  the  work 

the  burn  in  the  dogs  was  described  in  detaii  in  h 
of  V.  N.  Zhizhin  and  F.  Ya.  Misyukevich  (6). 

The  combined  radiation  in  dogs  was  /  p^go ) 

SnSLreSps  “be^Sn'tte  loSSoi  of  the  irradiation  . 
-&£  Slllction  of  the  burn.  The  following  were  the  , 

‘conditions  of  irradiation:  The  dose  rate  in  air  was  bQd  r 
pefhour;  the  distance,  110  centimeters.. 

Control  data  on  the  investigated 

i-SSS  g  f  fotal^lSrSfaflS  SS  M^r  “  goo 

SiS^ia  died  from  acute  radiation  sickness  seven-81  days 
after  the  irradiation. 

During  the  first  few  hours  after  the  irradiation  ^ 
nf*  a  nr3 marv  early  reaction  were  noted  in  the  dogs, 
degression,  loss  of  motor  activity,  sometimes  a  single  or 
felted  ™i?iS6.  The  blood  pressure  did  not  change 

essentially* 

Durinv  the  first  few  hours  after  the  burn  trauma  or 
+v^  nnmhined0 effect  In  the  dogs  a  shock  state  developed, 

If  aG“wh6ichtas  charactefized  by  a  reduction  in  the 

^'iSrTiSS  ^loZltZloZ  IZZkZJTtrltZ 

weakening  or  disappearance  of  the JeSSSture 

SScSfen!alxt  ~~ HH&rJhr1- 

hodv  X- irradiation  with  TOO  r  under  the  following  eoridi 
tions:  a  ‘'Stabilivol' t"  apparatus  was  used  with  *  voljjg® 

,?A  *_  Mir-rant  5  ma,  filter  2.5  mm  Al,  half- value  iayex 

died  from  acute  radiation  sickness  in  eight  5  7 

Sib  ^cMnyr^of  g 

Srface.  When  the  rats  were  immersed  in  boiling  wat 
„vOJ;  Tftfvhoi*  ne&etion  was  ofosenve^.*  As  e&my  .  . 
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'absence  of  voluntary  motor  activity,  a  weakening  of  the 
defense  reflexes,  a  lowering  of  body  temperature  to  33~35L » 
hemoconeentration  (hemoglobin  content  in  the  blood  rose  to 
3.6-20  grams  percent  with  a  normal,  of  12-14  grams  percent; 
the  blood  was  viscous  and  dark  in  color).  Part  of  the  rats 
died  from  shock  during  the  first  few  hours  after  the  burn 
trauma  or  the  combined  effect.  At  later  periods  of  time 
none  of  the  rats  died.  (30-day  observation) .  The  majority 
of  the  rats  exposed  to  the  combined  effect  died  in  five 
•days;  only  in  individual  cases  did  the  animals  live  up  to 
10  days. 


The  sugar  content  in  the  blood  of  the  dogs  was  de¬ 
termined  by  Hage&orn- Jensen  method;  the  lactic  acid, 
according  to  the  Prledemann,  Cotonic*  and  Schaeffer  method; 
the  inorganic  phosphate,  by  the  Fi ske- Subbar ow  method.  The 
glycogen^content  in  the  rat  tissues  was  determined  by  the 
method  of  Good,  Cramer  and  Somogyi. 

The  numerical  data  were  treated  statistically.  The 
following  were  computed.*  the  arithmetic  mean  (M) ,  the 
average  error  of  the  arithmetic  mean  (m),  the  square  root 
of  the  total  of  squares  of  the  average  errors  (m<iiff).  The 
changes  were  considered  reliable  If  the  difference  between 
the  arithmetic  means  being  compared  exceeded  the  mdiff  by- 
two  or  three  times.  During  the  first  few  hours  and  days 
following  the  total-body  irradiation  of  dogs  with  400-800  r 
the  content  of  sugar,  lactic  acid  and  inorganic  phosphate 
in  the  blood  did  not  undergo  any  regular  considerable 
changes  (Table  1). 


Table  1 


Content,  of  Sugar,  Lactic  Acid,  and  Inorganic  Phosphate  in 
Blood  of  Dogs  During  the  First  Few  Hours  After  a. 
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Total-Body  Irradiation  with.  400, 


and  oOO  r 
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-4 
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?:0 
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e5 

n 

0 
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92 
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92 

83 
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(85 —  1 03> 

(76-89) 

my 
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92 

95 

95 

93 

80 

: 

;(76~  198) 

1 

(62-110) 

(83-103) 

(79-105) 

(79 — 84) 

Lactic  acid 

4 1)0 

i 

|  7 

i 

|  14.4 
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16,8 

14,0 

12,3 

I 
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j  (11-10) 
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(15-19) 

(11-18) 

(11-15) 

1  690 

!  5 

16,  r> 
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17,0 
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i 

!  . 

;  (ID—  20) 
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(16—20) 

|  (14—21) 

(12-21) 

4  DO 

i 

i  4 
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_ 

3,1 
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i 

13,2—1,4)! 

(2,9— 4,3) 

(2,8— 3,3) 

. phosphate 

i  600 
i 

5 

i 

i 

4,5  |  - 

.^,7-4,1^ 

:  i 

4,1 

(3,7 — 4,8) 

! 

i 

3,6 

(3, 1-4,3) 

Note:  The  figures  within  parentheses  indicate  the  limits 

;  —  variation  in  the  content  of  the  corresponding 

blood  component. 

These  data,  are  in  agreement  with  the  results  obtained 
by  other  investigators  (3,  4,  15,  20). 
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f~  The  combined  effect  of  burn  trauma  and  total-body  ' 

Irradiation  with  100-400  r  led  to  considerable  changes  in 
the  content  of  sugar,  lactic  acid  and  inorganic  phosphate  in 
the  blood  of ' the  doge  (Table  2). 


Table  2 


The  Change  in  the  Content  of  Sugar,  Lactic  Acid  and  Inor¬ 
ganic  Phosphate  In  the  Blood  of  Bogs  in  the  First  r 

Few  Hours  After  the  Combined  Effect  of  Burn  Trauma 
and  Total -Body  Irradiation  (100-400  r) . 


. 

1 

i 

1 

i  ' T  "" 

I 

1 

rn 

Content  in  Blood  (mg%) 

: 

Degree  of 
Severity 
of  Shock  j 

Blood 
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vJ 

w 

o 

Q 

ft  z 
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Time  After 
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*H 

o 

* 

o 

£5 

*f~  -H 

o 

C D  G> 

U  4-r 

O 

<S) 

15 

min. 

1| 

hours 

t 

i  , 

i  3 
hours 

6 

hours 

Severe  shock 
(death  3~3§ 
hrs.  after 
the  effect) 

Sugar 

Lactic 
i  acid 
|  Inorganic 
;  phos- 
\  phate 

4 

1  ^ 

|  4 

f 

i 

i 

j 

W2 

(79-130) 

15,5  . 
(13 — 19) 
2,4.  - 

(2,1— 2,7)! 

!  109 

(152— 
-195) 
04,8 

;  (OO-70) 

1  3,4 

|  (2,7 — 
j  -4.0) 

61 

;  (is  -76) 

44.0 

(43-15) 

' 

. 

1 

•  (o 

,  (03 -08) 

8G,7^ 

!  (l7-o?) 

!  5,2 

j  (4,7 — 5,8) 

j 

i 

Non-fatal  j 
shock 
( survived 
for  24  hrs.) 

r~  ~ 
j  Sugar 

Lactic 

acid 

6 

5 

i  101 

UiK> — 125) 
20,2 
(12—26) 

no  1 

(98-198) 

42,0 

(30-48) 

i  77 

\  (63-112) 
33.3 
(11-63) 

88 

(00  — 102) 
33,3 
(11-77) 

85 

(50  -  loG) 
j  22,0 
j  (12-30) 

i 

! 

! 

! 

Inorganic 
■  phos¬ 
phate  j 

. 

2.1 

(1, 1-2,7) 

!,7 

(1 ,1—2,1) 

1 

2,0 

(i  ,1—2,2) 

2,3 

(1 ,0-3,5) 

i  4,0 

|  (2.7-510) 

j 

j 

Note:  The  figures  within  the  parentheses  indicate  the 

limits  of  variations  in  the  content  of  the  corres¬ 
ponding  blood  component. 
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r  .  In  four  dogs  during  the  first  few  minutes  after  the 
combined  effect  a  severe  shock  developed  with  a  fatal  out¬ 
come  after  three-three  and  a  half  hours,  and  in  six  dogs,  a 
iess  severe  non- fatal  shock.  Fifteen  minutes  after  the 
effect  a  pronounced,  although  brief  hyperglycemic  reaction 
was  observed  in  the  dogs  with  the  severe  shock.  As  early  as 
one  and  a  half  hours  later  the  blood  sugar  content  fell  to 
hypoglycemic  values  and  remained  markedly  reduced  during  the 
next' few  hours  before  the  advent  of  death.  With  a  non-f  ata.3^ 
"iehock  the  initial  hyperglycemic  reaction  and  the  subsequent  f 
hypoglycemic  reaction  were  much  less  pronounced. 

The  content  of  lactic  acid  in  the  blood  of  dogs  in¬ 
creased  considerably  as  early  as  15  minutes  after  the  com¬ 
bined  effect  of  burn  trauma  and  total-body  irradiation  and 
remained  high  during  the  next  few  hours  (determinations  af¬ 
ter  one  and  one-half,  three  and  six  hours).  The  strength 
and  duration  of  the  hyperlact acidemia  reaction  depended  on 
the  rapidity  of  the  development  and  degree  of  severity  of 
the  shock  state.  The  content  of  inorganic  phosphate  in  the 
development  of  non-fatal  shock  did  not  change  essentially  ^ 
15  niinutrfOSj  one  and  ono^h&lf  slid  throe  hours  afterwards  and 
increased  six.  hours  after  the  trauma.  Fatal  shock  was  char¬ 
acterized  by  the  earlier  and  more  considerable  rise  in  the 
inorganic  phosphate  in  the  blood. 

Experiments  on  rats  showed  that  total-body  irradia¬ 
tion  with  a  dose  causing  the  death  of  80  percent  of  the 
animals  during  the  second  and  third  week  after  the  irradia¬ 
tion  did  not  lead  to  any  considerable  reduction  in  the  glyeO' 
gen  level  in  the  liver,  myocardium,  diaphragmatic  and  skele¬ 
tal  muscles  during  the  first  day  (Table  3) • 


Table  5  1 

Change  in  the  Glycogen  Content  In  the  Rat  Tissues  Fol¬ 
lowing  Total-Body  Irradiation,  Burn  Trauma  or 
the  Combined  Effect  of  Burn  Trauma  and  Total-Body 

Irradiation 
(Average  Data) 


The  burn  trauma  without  irradiation  or  in  combina¬ 
tion  with  total-body  irradiation  produced  almost  a  complete 
decomposition  of  the  glycogen  in  the  liver,  a  marked  re- 
duct Ion  in  its  level  in  the  skeletal  muscles  and  diaphragm 
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_L.  ~~\ 

f> __  thp  aTrera®e  by  2. 1-3. 7  times)  and  a  moderate  reduction 
of  It  in  the  SyocaJdlmi  as  early  as  two  to  four  hours  after 
the  trauma.  During  the  course  of  tb®  n®*b  bbree  ays  the 
ai-sv**  Af  increased  somewhat  in  the  liver,  scexy 

tS  mSsc?LS^  liaphragm  of  the  burned  animals  and  the  rats 

which  had  been  subjected  to  combined  ^urle.  *  a^rurther  re- 
considerably  below  normal.  In  the  myocardium  a  further  re 
auction  occurred  in  the  glycogen  content,  which  was  ex 
(pressed  mere  markedly  in  the  case  of  combined  injury.  j_ 

The  data  presented  showed  that  the 
the  characteristic  biochemical  changes  in  shock  d< ^ur/  ^ 
in  dogs  and  rats  following  the  combined  effect of 
traumt  and  total-body  irradiation:  a 

the  elvcos?en  reserves  of  the  orgarusm,  the  accumulation  i 
faotfo  acfl  aS  Inorganic  phosphate  In  the  blood,  ^brief 

hypergly cemlc  reaction,  subsequently  replaced  by  a  hvMgly- 

tent  decrease  in  the  sugar  content  in  tne  brood  to  hjpogry 
cemic  levels. 

The  rapidity  of  development,  strength  and  duration 
of  the  hyperlaetaeidemlc ,  bypoglyoemlo  and  hyperphosphateml° 
reactions  were  directly  related  to  the  rapidity  of  develop 
ment  and  the  degree  of  severity  of  the  shock  state. 

A  comparison  of  the  changes  in  carbohydrate  metabol- 
«Bm  produced  bv  a  total-body  irradiation  and  ourn  trauma 
le^ds  to  the  conclusion  that  the  chief  role  in  the  occurrence 
o?ihoia  oh!ng°B  llth  the  oonbined  effect  of  a  burn  and 
irradiation  during  the  first  few  hours  is  played  by  the  burn 
trauma.  However,  the  combination  of  burn  trauma  with  ra  a- 
tion  trauma  leads  to  certain  qualitative  changes  in  the 
nature  of  the  metabolic  disturbances. 

The  metabolic  changes  in  burn  shock  are  analyzed  in 
detail  in  the  review  of  I.  R.  Petrov  (14)  and  the  monograph 
of  B  N  Postnikov  (16).  The  authors  point  out  that  a  per- 
slstent’hvperglyeemia  is  characteristic  of  burn  shock  in 
people  and  laboratory  animals.  During,  the  first  tew  hours 
and  days  after  the  burn  trauma  many  f ®®ar$u“^®™Xfto 

?heyK?f r' XKWkehoh  (ii),  obtained  on  390 
patients  during  the  first  few  days  after  the  burn  trauma  a 
hyperglycemia  is  noted  which  develops,  as  a  rule,  Patien  k 
tfitVi  extensive  burns :  hypoglycemia  occurred  only  in 
^econfweek  of  thfbAr/siltoess .  Similar  results  were  ob¬ 
tained  by  other  research  workers.  We  observed  a  reduction 

in  the  sugar  content  in  the  blood  a9.  ^  0JiJurn 

few  hours  in  dogs  exposed  to  the  combined  effect  of  burn  _ 
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•trauma  ana  total-body  lrr^llation.  Tnis  dehydrate 

?SSc?5or"’l?ver  ?o!foiU  f^rS-Ldlation  tra^a. 

]S  hypoglycemia  the  carbohydrate  supply  of  the  tissues  la 
reduced  id ,  particularly ,  that  of  the  central  nervdu^  ^ - 
test,  which  may  exert  an  unfavorable 

°IoT,  Sfr?«»nW  o«r 

Sort  ooStitSt.;  the  experimental  basis  for  the  study  of  tne^ 
-'vole  of  p*3 i?cos6  therapy  in  combatting  shock  Jf, 

borblred  irtect  of  burn  and  radiation  trauma.  Maturely . 
SSoSe  theLpy  Should  be  only  a  component  : pa rt  of  • the  total 
Scm-rebenslve  therapy  of  the  shoes  state  ana  should  do  a^ea 
JSffr  the  event  the  glucose  administered  Is  assimilated. 

This  problem  will  be  discussed  by  us  In  the  next  report 

Glucose  therapy  is  being  v?idely  used  in  j^eatment 
of  burn  sickness,  chiefly  during  the  period  of  toxemia  (», 

16 ) . 

On  the  basis  of  existing  data  in  the -literature  the 
results  of  the  present  work  may  be  interpreted  In  ~ 

Rvjril  «nd  burn-radiation  trauma,  produce,  evidently, 

a  reduction  of  energy  production  needed  for 

tViA  cour=e  of  oxidative  reactions  during  tne  fir^t  few  hoar^. 
UedSction  in  the  oxidative  processes  in  burn  and  burn- 
radlit'ioa  trauma  may  he  determined  by rt“S/Ebv°ohinr "°if 
them  an  Important  role  Is  played, JX siblv  a 

the  circulation  and  respiration  (14)  and,  possibly,  / 
change  In  the  quality  of  the  oxidative 

lag  the  first  few  hours  after  tne  trauma  the  tissue  oxyg.n 
requirement  is  higher  than  normal,  and  .he  Possibility  of 

obtaining  it  is  less  than  normal  (lo).  develops 

in  the  oxidative  processes  a  t^eaue  anoxia  aevvx  p 

SSch  produces  a  compensatory  activation  of  anaeroole  slyooly 
sis  and^a  consequently  Inevitable  rapid  an 

fflvcogon  reserves  on  the  body.  •  The  anoxia  also  leads  to  an 
accumulation  of  insufficiently  oxidised  products  in  the 
blood . 

The  hyperglycemia  which  develops  is,  in  our  opinion, 
a  compensatory  reaction  of  the  body,  directed  toward  the 
ma?Eaie  of  a  definite  level  of  carbohydrate  ™>ply  for 

the  vital  organs;  the  hypoglycemia,  JPP^e^’ h?ar!te  * 
thA  occurrence  of  an  insufficiency  of  the  carbohydrate 
function of  She  liver  and  requires  effective  measures  for 
its  prevention. 
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C on elusions 


1.  The  shock  state  which  develops  in  dogs  and  rats 

durin*?  the  first  few  hours  after  the  combined  effect  of  burn 
trauma  and  total-body  external  irradiation  is  characterized 
by  th©  rapid  depletion  of  the  glycogen  reserves  of  tbe 
body,  the  accumulation  of  lactic  acid  and  inorganic  phospha* 
in  the  blood,  a  brief  hyperglycemic  reaction  which  is  t-.en 
,replaced  by  a  persistent  reduction  in  the  blood  sugar  to  ^ 
'hypoglycemic  levels,  s 

2.  Total -body  external  irradiation  even  with  a  dose 
near  the  minimum  absolutely  lethal  dose  does  not  cause  any 
such  changes  in  carbohydrate  metabolism  during  the  first 
few  hours  or  days. 


3.  Changes  in  the  carbohydrate  metabolism  which  are 
observed  during  the  first  few  hours  following  the  combined 
effect  are  determined  chiefly  by  the  burn  trauma. 


4.  Total-body  irradiation  which  is  superimposed  on 
the  burn  trauma  leads  to  a  more  severe  course  of  the  path¬ 
ological  process,  the  earlier  death  of  the  animals  and  a 
disturbance  of  the  compensatory  metabolic  reactions. 
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